In this study the viability and the distribution of bacteria within the radicular dentin and pulp of periodontally diseased caries-free teeth were studied. Healthy teeth served as controls. Samples were obtained from the pulp tissue and from the radicular dentin. Dentin samples were taken from the interdental surfaces in the subgingival area. Starting from the pulpal side, three to five successive dentin layers of approximately 1 mm thickness were sampled. The samples were processed and cultured using an anaerobic technique. Bacterial growth was detected in 87% of the periodontally diseased teeth. In 83% of the teeth, bacteria were present in at least one of the dentin layers. Fifty-nine percent of the diseased teeth, from which the pulp tissue was cultured, contained bacteria in the pulp samples. The mean bacterial concentrations in the pulp and dentin layers ranged from 1,399 to 16,537 colonyforming units (CFU) per mg of tissue. These concentrations were 259 to 7,190 times greater than concentrations found in healthy teeth. It is suggested that the roots of periodontally diseased teeth could act as bacterial reservoirs from which recolonization of mechanically treated root surfaces can occur, as well as infection of the dental pulp. These findings might change current concepts concerning root surface debridement in periodontal therapy.
caries-free human teeth were in the experimental group.
These teeth had to be extracted due to extensive loss of periodontal supporting tissue. The following selection criteria were used: ( 1 ) probing attachment loss of 4 mm or more, (2) bleeding upon probing and (3) absence of any clinically detectable coronal and radicular caries.
The loss of attachment exceeded 5 mm for 95% of the experimental teeth. Foci of dental calculus were present on the roots of 85% of the teeth and dental plaque was present on the root surfaces of all teeth.
Periodontally healthy, caries-free teeth {n = 15) were used as controls in order to determine the number of bacteria introduced during manipulation of the teeth, the pulp and dentin samples. This group included 13 third molars and two lower premolars. All third molars were impacted and unerupted at the time when they were removed surgically. Both lower premolars were sound teeth that were extracted for orthodontic reasons. All teeth in the control group were extracted from young individuals and had incompletely formed apical regions. Clinically detectable plaque and calculus were absent on these teeth.
All extractions were performed under local anesthesia. Care was taken to avoid mechanical damage to the interdental root surfaces. Immediately after extraction, blood and saliva were removed by rinsing the teeth with sterile 0.9% saline solution. In an effort to minimize contamination of the dentin samples during further manipulation, the root surfaces were thoroughly scaled and root planed. This left the root surface free of bacterial plaque, calculus and remnants of periodontal ligament fibers. Subsequently, the teeth were stored in individual vials containing reduced transport fluid without EDTA (RTF)24 for "less than 15 minutes until the dentin samples were collected.
Preparation of dentin samples. The dentin samples were prepared using a modification of a technique described by Edwardsson.25 A sterile diamond disk running at low speed was used to cut a first circumferential groove at the cementoenamel junction and a second circumferential groove at a distance of 2 to 3 mm from the apex. Subsequently, longitudinal grooves were cut in the buccal and in the lingual root surfaces. All grooves never exceeded a depth of 1 mm. In addition, all grooves were made at a location several millimeters away from the site where the dentin samples would be taken. With a sterile splitting forceps, the crown was separated from the root. At that moment, the entire pulp or part of it was removed with a sterile forceps and transferred to RTF. A longitudinal buccolingual fracture of the root was then induced to expose the pulpal wall. Then the actual dentin samples that consisted of dentin shavings were collected by means of a round steel bur with a diameter of 1 mm. The bur was run at low speed and a minimum of pressure was applied in an attempt to reduce the generation of frictional heat. The first dentin sample was taken from the pulpal wall at a level corresponding to the part of the root surface where the attachment loss had occurred.
Subsequently, a total of three to five dentin samples, each representing a layer of approximately 1 mm in thickness, could be collected before the radicular surface was reached (Fig. 1 ) .
From the healthy control teeth, 67 dentin samples from 19 interdental surfaces and 14 dental pulp samples were cultured. From the periodontally diseased teeth, 276 samples were cultured: 29 pulp samples and 247 dentin samples from 69 tooth surfaces. The latter consisted of 60 interdental surfaces and nine furcation areas.
The actual number of dentin samples collected from each root depended on the thickness of the radicular dentin. Statistical analysis of the cultural data showed that when more than one middle dentin layer was sampled, these data could be pooled. In this study, cultural data are reported for the samples from the pulp-tissue and for the samples obtained from the inner, middle and outer dentin layers. The inner dentin layer represented the dentin layer in contact with the dental pulp, whereas the outer dentin layer represented the dentin in contact with the subgingival environment.
PROTOCOL USED Figure 1 . Protocol used to sample the radicular dentin. The samples were taken from the pulp tissue and from the radicular dentin. The dentin samples were taken from an interdental surface in the subgingival portion of the root. Three to five successive dentin layers were sampled, starting at the pulpal side. three percent of the diseased teeth displayed bacterial growth in the dentin: 31% contained bacteria in one dentin layer, 23% in two dentin layers and 29% in three dentin layers. From the teeth that contained bacterial growth in two dentin layers, 75% displayed growth in two adjacent dentin layers. In 59% of the periodontally diseased teeth from which the pulp tissue was cultured, bacterial growth was detected in the dental pulp samples.
Bacterial growth was detected in 37% of the healthy control teeth (Table 2) . Seven different bacterial distribution patterns were present. In 11% of these teeth, bacteria could be cultured from the pulp tissue only, whereas in 16% of the teeth, bacteria were present in both the pulp and dentin. In 21 % of the teeth, bacteria were present in one dentin layer, and in 5% two dentin layers contained bacteria. In none of the infected control teeth could bacterial growth be detected in dentin samples taken from the middle dentin layer. In 63% of the control teeth, no bacteria could be cultured from any of the sampled layers.
The bacterial densities in dentinal layers removed from diseased teeth were significantly higher than the densities found in the control teeth. In Table 3 April, 1988 when the different layers from the diseased teeth were compared, all differences, except between inner and middle layers, were statistically significant (Chi-square test, P< 0.01).
In Table 5 the mean bacterial concentrations are given for the sampled layers from healthy and diseased teeth with different bacterial growth patterns. In the 20 teeth in which bacteria were found in all dentin layers, four different patterns existed for bacterial concentration changes from outer to inner dentin layers. In ten of these teeth, the bacterial concentration in the middle dentin layer was significantly lower when compared with the bacterial concentrations in the inner and outer dentin layer. In five teeth the bacterial concentration decreased linearly from the outer towards the inner dentin layers. In four teeth the bacterial concentration increased from outer towards inner dentin. In the remaining tooth the bacterial concentration in the middle dentin was higher than in all other layers. The first mentioned pattern appeared again in the four teeth that displayed no bacterial growth for the middle dentin layer. For the healthy control teeth, the mean values for pulp and all dentin samples were less than 10 CFU/mg of tissue. A maximum value of 83 CFU/mg was recorded for a single inner dentin sample. In the group of periodontally diseased teeth, the mean bacterial concentration ranged between 1,399 and 16,537 CFU/mg of tissue for the pulp and outer dentin samples, respectively. Within the dentin, the mean bacterial concentration for the middle dentinal layer was 36% lower than the mean bacterial concentration for the inner dentin and 91 % lower than the mean bacterial concentration for the outer dentin.
The mean concentrations of facultative anaerobic bacteria, expressed as percentages of the total cultivable flora, are given in Table 6 . Facultative anaerobic bacteria could be cultured from four of the six control teeth that contained bacteria in one or more sampled layers. The flora obtained from one pulp sample, one inner dentin sample and two outer dentin samples, all from different teeth, contained small numbers of a purely anaerobic bacterial flora. The bacterial concentrations in these four samples ranged from six to 30 CFU/mg of tissue. In the middle dentin layer, no bacterial growth could be found on any of the nonselective and selective media.
From the 63 periodontally diseased teeth from which bacteria could be cultured from one or more layers, 46 contained facultative anaerobic bacteria. The facultative anaerobes represented from 35% to 52% of the total viable flora. Facultative anaerobes could not be found in the flora cultured from nine pulp samples, nine inner dentin samples, ten middle dentin samples and 16 outer dentin samples. 
